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ABSTRAK 
Curahan adalah parameter iklim yang penting dan kajian mengenai hujan seperti 
pengenalan corak hujan biasanya terhalang kerana rangkaian tolok hujan yang terhad dan 
menyebabkan kekurangan data berterusan, dan berlakunya ralat sistematik dan rawak. 
Untuk mendapatkan pemerhatian yang hilang dalam data, beberapa kaedah interpolasi 
spasial kini digunakan. Walau bagaimanapun, kekurangan pengetahuan mengenai 
kesesuaian kaedah ini untuk Lembangan Sungai Kuantan adalah masalah praktikal. 
Memandangkan masalah ini, salah satu objektif kajian ini adalah perbandingan antara 
dua kaedah terpilih yang digunakan untuk menganggarkan data hujan yang hilang untuk 
menentukan kesesuaian mereka di Lembangan Sungai Kuantan. Kaedah yang dikaji ialah 
kaedah Kriging dan Radial Basis Functions (RBFs). Dalam pendekatan ini, 8 stesen 
hujan dari Lembangan Sungai Kuantan yang paling kurang sama rata di dalam 
lembangan dengan data yang paling banyak dipilih. Data hujan diperolehi dari Jabatan 
Pengairan dan Saliran Malaysia (JPS) dari tahun 1970 hingga 2016. Selepas itu, data 
bulanan dan tahunan hujan setiap stesen dianggarkan berdasarkan kaedah yang dipilih di 
atas supaya data sebenar dan data anggaran dapat berbanding dengan menggunakan 
kaedah silang pengesahan dengan dua statistik diagnostik biasa, termasuk Mean Absolute 
Error (MAE) dan Root-Mean-Square-Error (RMSE). Hasil keseluruhan kajian 
menunjukkan bahawa Kaedah RBFs adalah kaedah interpolasi spasial yang paling sesuai 
untuk menganalisis peta pola hujan bulanan dan tahunan untuk kesan perubahan iklim di 
Lembangan Sungai Kuantan. Dari segi taburan hujan bermusim, peta pola hujan 
memperlihatkan bahawa dari bulan November hingga Mac menerima hujan yang lebih 
tinggi yang mungkin disebabkan oleh kesan monsun timur laut. Sementara itu, dari segi 
taburan serantau, kawasan-kawasan yang mempunyai tanah yang tinggi dan berdekatan 
dengan laut biasanya dijangka menerima lebih banyak hujan dibandingkan dengan tanah 
rendah dan pedalaman. Untuk kesan perubahan iklim, intensiti hujan dan keluasan tempat 
menerima hujan yang lebih tinggi juga meningkat dengan ketara selama bertahun-tahun. 
Taburan hujan lebih kurang sama untuk keseluruhan kawasan Kuantan. Perbezaan 
kedalaman hujan antara tahun 1970 hingga 1999 dengan tahun 2000 hingga 2016 yang 
tertinggi direkodkan adalah pada musim monsun timur laut di mana kejadian hujan yang 
lebat berlaku menyebabkan banjir besar. 
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ABSTRACT 
Precipitation is an important climatic parameter and the studies on rainfall such as 
identification of rainfall pattern are commonly hampered due to limited rain-gauge 
network in the field and cause lack of continuous data and occurrence of systematic and 
random errors. To obtain missing observations in data, several spatial interpolation 
methods are currently used. However, the lack of knowledge on the suitability of these 
methods for Kuantan River Basin is a practical problem. In view of this problem, one of 
the objectives of this study is comparing two selected methods used for the estimation of 
missing rainfall data to determine their suitability in Kuantan River Basin. The methods 
studied were Kriging and Radial Basis Functions (RBFs) methods. In this approach, 8 
rainfall stations from Kuantan River Basin which are most or less evenly distributed in 
the basin and with the most extensive data were chosen. The rainfall data was obtained 
from the Department of Irrigation and Drainage Malaysia (DID) from years 1970 until 
2016. Subsequently, monthly and annually rainfall data of each station were estimated 
based on the above selected methods so that actual data and the estimated data can be 
compared by using cross-validation method with two common diagnostic statistics, 
include Mean Absolute Error (MAE) and Root-Mean-Square-Error (RMSE). Results in 
overall of the study show that the RBFs method is the most common spatial interpolation 
method to analyse monthly and annually rainfall pattern maps for the impact of climate 
change over Kuantan River Basin. In term of seasonal rainfall distribution, the rainfall 
pattern maps show that from November to March received higher precipitation which 
may due to the Northeast monsoon effect. Meanwhile, in term of regional distribution, 
the areas which high altitudes and near to the open sea usually are projected to receive 
more precipitation compared to the lowlands and inlands. For the impact of climate 
change, the rainfall intensity and the areal extent of higher precipitation has also 
increased significantly over years. The rainfall distributed more evenly over the Kuantan 
region. The difference of rainfall depth between year 1970 until 1999 and year 2000 until 
2016 recorded highest is in the Northeast Monsoon season where extreme precipitation 
events occur resulting in major floods. 
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INTRODUCTION 
1.1 GENERAL 
Malaysia is a country located at the southeast of Asia region which is 
encompassed by four countries, those are Thailand, Indonesia, Brunei and Singapore. The 
total land area of Malaysia is about 330,803 km2 and 0.37% of this land area is made up 
of water such as lakes, rivers or other internal waters.  Besides that, the land of the country 
is surrounded by coastal areas such as Strait of Malacca, South China Sea and Sulu Sea 
with a total coastline of 4,675 km approximately. South China Sea has separated Malaysia 
into two distinct parts, Peninsular Malaysia and East Malaysia.  
Due to the reason that situated near to the equator, Malaysia is considered as 
typical tropical country and has been received rainfall throughout the year. There is two 
monsoon winds seasons experiences by Malaysia, Southwest Monsoon and Northeast 
Monsoon. The Southwest Monsoon commences from May to September and the whole 
country, except for the state of Sabah, normally faces relatively dry weather, also known 
as dry season. During this monsoon, most of the states in Malaysia receive minimum 
amount of precipitation as a result of the stable atmospheric conditions in the region and 
the Sumatran mountain range, which brings about the rain shadow effect while Sabah 
receives more precipitation due to the tail effect of typhoons in the Philippines. On the 
other hand, the Northeast Monsoon usually starts from November to March and the east 
coast of Peninsular Malaysia and western Sarawak are affected by the wet season or rainy 
season.  
Pahang, is one of the states in Malaysia which occupies the vast Pahang River 
basin, which is enclosed by the Titiwangsa Mountain Range to the west and the eastern 
highlands to the north. As mentioned earlier, Pahang also faces two monsoon seasons, 
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Southwest Monsoon and Northeast Monsoon. The tropical storms of the Northeast 
Monsoon brings heavy fall of rain, strong currents and unpredictable storm of the 
monsoon season that comes in from the South China Sea. Due to the existence of 
Titiwangsa Mountain Range, which blocks the northeasterly winds, Northeast Monsoon 
gives significant impact in characterizing the rainfall patterns for eastern part of Peninsula 
Malaysia (Suhaila et al., 2010). Hence, Pahang river basin will receive high total of 
precipitation during this season. Sometimes, this incident will and lead to the occurrence 
of flood at a few low lying areas along the Kuantan River because of overflowing. 
However, the southwest monsoon brings less rainfall, with sunny and tropical weather 
up. The seasonal south-west winds blow from Sumatra toward the West Coast of 
Peninsular Malaysia but are blocked by the Titiwangsa Mountain Range. 
Nowadays, the climate of Malaysia is changing in line with global climate change. 
Climate in Southeast Asia is changing due to global warming both on global and regional 
scales (Mayowa et al., 2015). Global warming will influence the patterns of precipitation 
to be change and increasing in occurrences of extreme weather events, such as ﬂoods, 
droughts, and rain-storms (Zhang et al., 2008). Extreme floods and droughts can cause 
economic and ecological damage, and, in the worst cases, risk lives (Suhaila and Jemain, 
2012). Human-caused changes in temperature are also expected to change precipitation 
patterns (Karl et al., 2009). According to a number of studies, precipitation is forecasted 
will slightly increase during both the rainy and dry season in the coastal regions of the 
Peninsular Malaysia (Barr et al., 2007). Subsequently, floods may occur in low areas due 
to the increasing frequency of extreme precipitation.  
The isohyetal method is an alternative method for estimating the mean 
precipitation over an area by drawing lines of equal precipitation to produce an isohyetal 
map by using spatial analysis. Isohyetal maps are the contour maps of precipitation while 
the spatial analysis is a set of techniques used to analyse, compute, visualize, simplify, 
and theorize the geographic data includes topological, geometric, or geographic 
properties (Ismail, 2000).  Kriging method is one of the geostatistical interpolation 
techniques that create surfaces incorporating the statistics. This method is not only can 
used in prediction of surfaces but also error or uncertainty surfaces. On the other hand, 
Radial Basis Functions (RBFs) method is a deterministic interpolation method that used 
18 
to create the smooth interpolated surfaces from a large number of sample data points but 
the method does not have standard errors associated with it. 
1.2 PROBLEM STATEMENT 
Rainfall is the main source of water supply. Generally, the time and space 
distribution characteristics are one of the main reasons that composed of the temporal and 
spatial distribution characteristics. The rainfall in actual situation is distinctly variable in 
different time and space even in same climate zone and river basin. Besides that, rainfall 
is significantly different in term of longitude and latitude, water system (reservoir, rivers, 
lakes), the run of the mountains, slope aspect and altitude change, especially in the 
mountain plateau. The rainfall spatial distribution of certain basin has the obvious 
differences, particularly in the dry regions. 
In addition, rainfall data is played an important role in hydrological investigations 
and environment studies. This data can be used to calculate runoff, identify the rainfall 
pattern, forecast and resolve the meteorological disaster such as rainstorm, floods and 
drought. However, the rain-gauge network is usually limited in the field and cause 
occurrence of missing data, systematic and random errors (Adhikary et al., 2017). Hence, 
specific methods are needed for the area where lack of rain gauge station.  
Spatial interpolation method is one of the methods to estimate a missing or new 
date point which is in the range of a series of known isolated points and indicate visually 
the spatial pattern of rainfall. Interpolation techniques consist of two distinct group, 
which are deterministic and geostatistical. Deterministic interpolation methods used on 
known points to create surfaces, according to the degree of similarity or smoothing, such 
as Inverse Distance Weighted (IDW) and Radial Basis Functions (RBF) methods. 
However, geostatistical interpolation methods like Kriging method, are used to estimate 
the value of an   unknown   point   utilizing   the   statistical   properties   of   neighboring    
known    points    and    taking    the    spatial    autocorrelation among known points into 
consideration (Apaydin et al., 2004).  
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